A large-aperture RICH for identi cation of secondary particles is in operation at the Omega spectrometer since 1984. Photons are detected in drift chambers with quartzwindows, using TMAE-loaded counting gases. The RICH was used by two experiments, WA69 and WA82, until 1988. It was then equipped with new drift chambers and mirrors and is in use since 1990 mainly for the hyperon beam experiment WA89. The present setup is described in more detail and e ciencies, resolutions and particle separation achieved are discussed.
Introduction
In 1984, a large-aperture RICH counter was brought into operation at the CERN- SPS 1] and was used in a rst phase until 1988 for the photoproduction experiment WA69 and the charm hadroproduction experiment WA82. In 1988/1989, the counter was upgraded with new mirrors and chambers for the hyperon beam experiment WA89 2] and was used from 1990 on for WA89 and also for the heavy-ion experiment WA94. I will describe the RICH in its rst phase, and then in more detail the present state after the upgrade and the results achieved, in particular in the 1991 run (see also 3]).
The rst years
The RICH was designed for identifying particles emerging from the Omega spectrometer magnet with momenta down to 5 GeV=c, which necessitates a large angular acceptance of 400 mrad horizontally and 200 mrad vertically. With a radiator length and focal length of 5 m, this implies a mirror surface of 7 4 m 2 and a chamber surface of 3:2 1:6 m 2 . As photon detectors, drift chambers with quartz windows and TMAE-loaded counting gas were chosen.
A general view of the RICH is shown in g. 1. The radiator vessel has a volume of 120 m 3 . The radiator gas was either pure nitrogen at atmospheric pressure, or a C 2 F 6 =N 2 mixture with a refractive index of n ? 1 600 ppm. The mirror wall at the back is made up of 81 hexagonal glass mirrors of 72 cm diameter, with a focal length of 490 cm and a thickness of 6 mm. The chamber array at the front consists of 16 individual chambers in two rows, each chamber having an active surface of 40 cm horizontally by 80 cm vertically. The chambers were built completely from quartz. To de ne the drift eld in the chambers, potential wires were glued to both sides of the quartz windows and walls. Fig. 2 shows a part of an online event-display. The dotted lines bisecting the chambers represent the counting wires, which are mounted with a pitch of 4 mm between \venetian blinds". Some of the chambers were equipped with additional focussing wires outside the venetian blinds. Electrons drift from both sides to the counting wires, which produces a leftright ambiguity clearly visible in some ring images. The ring which is seen slightly o -center to the left represents a blackened part of the quartz windows, to suppress the Cherenkov light from the large number of o -time beam particles. Predicted ring centres are marked by crosses, the momenta of the corresponding tracks and the estimated likelihoods for di erent particle hypotheses are given below.
The counting gas was an 80/20 mixture of ethane and isobutane. It was loaded with TMAE at temperatures between 10 and 15 C. The low vapour pressure of TMAE at these temperatures necessitated a depth of 10 cm for the chambers. Since the coordinate in the direction of the photons was not measured, this implied considerable parallax errors at lower momenta.
One disadvantage of the layout was that the charged particles themselves were passing the UV-detecting chambers, which created problems with background and feedback. Occasionally, voltage breakdowns occured when a particle produced a high-multiplicity interaction in the chambers. All this put a limit on the counting voltages applied. The e ective N 0 given by n obs = N 0 L 2 , where n obs is the number of observed photoelectrons per ring, was between 25=cm and 30=cm. Fig. 3 shows \n ? 1" plots for two of the chambers. Clearly, the ability to identify kaons in a background of at least ten times as many pions, and to lter out the very few antiprotons as well, is an important requirement to all such experiments. In WA42/62, two threshold Cherenkov counters with kaon thresholds at 25 and 35 GeV=c were used. In connection with hyperon beam momenta of 115 or 135 GeV=c, these thresholds were high enough to ensure good pion rejection in the momentum region of interest. However, there was no separation of kaons and antiprotons.
The new hyperon beam experiment WA89 was designed with a hyperon beam momentum of 340 GeV=c 2]. The corresponding increase of secondary particle momenta ruled out the use of threshold Cherenkov counters and left a RICH as the only solution, with the added advantage of K/p separation. The practical problems encountered in running the Omega-RICH and its performance made an upgrade desirable. Since the new experiment needed a RICH-acceptance lower by a factor of 4, it was decided to replace the central part of the mirror array and to construct a new set of drift chambers covering a reduced surface of 1:7 m horizontally by 0:8 m vertically.
Fig . 5 shows the layout of the experiment. The RICH is placed downstream of the Omega spectrometer, as in the previous experiments. At its back, the central part of the mirror array now consists of 19 hexagonal mirrors of 42 cm diameter, made from glass/glass foam sandwiches. At the front, there are now ve individual chambers, forming a cylindrical surface which approximates the focal sphere. Each chamber has an active surface of 33 cm horizontally by 75 cm vertically. Figure 6 shows one of the ve drift chambers. It has two symmetrical parts separated by a common central high voltage electrode. Photoelectrons created in the sensitive chamber volume are guided by a homogeneous drift eld of 1 kV=cm towards the counting wires at the upper and lower end of the chamber, respectively.
The drift chambers
The radiator volume and the drift volume are separated by quartz windows 345 810 mm 2 large and 3 mm thick. The windows carry conductive strips on each side, with a spacing of 1:27 mm and a width of 40 5 m, thus minimizing eld distortions and shadowing e ects. The transmission of the quartz sheets was measured in a vacuum test station. It showed a cut-o at 160 nm and reached 80% at 180 nm for windows with strips.
The side and back walls of the drift volume are made of epoxy-breglass material (\FR4"). The potential strips on the FR4 walls are 0:5 mm wide with a pitch of 1:27 mm. More details on the chamber construction can be found in 3].
The potential strips on the quartz window and the side walls provide a constant drift eld pointing away from the window at an angle of 50 mrad, in order to avoid losing photoelectrons by di usion onto the window. Because of this, the sensitive depth of the chamber varies from 40 mm at the central electrode to 60 mm near the counting wires.
Counting modules
The counting gas is ethane, selected for its good counting properties and low di usion coe cients 11]. The drift eld is 1 kV=cm, resulting in a drift velocity of v drift = 5:4 cm= s.
The gas is saturated with TMAE vapour at a temperature of 30 C. To avoid condensation, the whole RICH, the gas mixing apparatus and the gas supply lines are heated to a temperature of 40 C or above. Great care was taken to ensure the purity of the counting gas. The gas volume in the chambers is ushed at a rate of one volume change per 40 minutes. To minimize leaking, the backsides of the chambers are enclosed in a nitrogen-ushed protective volume. The residual O 2 -contamination of the counting gas was measured to be below 1 ppm.
Gating
The electric eld between the plates of the venetian blind must be stronger by a factor of about 2 than the eld in the drift region, in order to focus the photoelectrons onto the counting wires. The counting voltage and the focussing eld can be adjusted independently. Under typical experimental conditions, the chambers are traversed by about 10 6 charged particles in one SPS spill of 2 s. About half of them are beam particles, which pass an insensitive area of 12 6 cm 2 , the so-called \beam hole" (see also g. 8). Nevertheless, the counting action of the chambers has to be gated in order to suppress eld distortions and photoelectron losses from space charges in the drift region and to reduce possible e ects of ageing (see below). This is achieved without the need for an additional grid, in the following way 12]: In the \gate closed" mode, the static potentials on the uppermost strips of the venetian blinds are held at potentials di ering from those of optimum electron transfer by +200 V on even-numbered blinds and ?200 V on odd-numbered blinds ( g. 7, right). After a trigger, a symmetric pulse of 200 V is supplied to the even-numbered and odd-numbered blinds, respectively, which restores the eld con guration for electron transfer ( g. 7, left) for a time of 8 s corresponding to the maximum drift time. The opening time is so short that no ions can drift back to the drift region before the chamber is \closed" again.
Read-out
The signals from the counting wires are ampli ed by current-sensitive preampli ers mounted on the counting modules ( g. 6). The ampli er outputs are connected to discriminator modules, placed outside the RICH box, above and below the chambers. For each counting wire, an independent low threshold is provided for detection of single electrons. Furthermore, a second higher threshold is provided for groups of 8 neighbouring wires, in order to identify signals from charged particle tracks. The thresholds can be set individually. The discriminator outputs are sent to multihit TDCs which digitize the timings in 11 ns steps 13].
Monitoring system
Probably the most important means to keep track of the RICH behaviour are event displays, which are produced online by a program appropriately called \cinema". Two such displays are shown in g. 8. For each track observed in the spectrometer, the corresponding Cherenkov ring is calculated assuming the pion mass, and displayed as a dotted circle. Furthermore, the track impacts in the drift chambers are given as crosses, and the track momenta and charges are displayed at the bottom.
The observed number of photoelectrons per ring, n obs , is estimated for beam particles about once per hour in the following way: About 70% of all \beam triggers" contain just one non-interacting and non-decaying beam particle, which produce a clear ring in a display of timings vs. wire-numbers ( g. 9a). If one looks at an appropriate group of wires, their timings show a narrow peak from which n obs is obtained. The peak in g. 9b, coming from a group of 16 wires, corresponds to 0.65 photoelectrons per trigger, hence n obs = 17.
Temperatures at various positions in the counter and the gas supply system, the pressures in the chambers and the radiator volume, the gas ows into each chamber, the oxygen content of the ethane, and high voltages and currents are continuously measured and written to tape. An on-line monitor task reads the data and checks the di erent values against safety limits. In case of an exceeded limit, an acoustic alarm and an error message are generated to alert the shift crew. In addition to the software monitor, the oxygen content of the ethane before the TMAE-bubbler and several temperatures measured in the gas system, the chambers and the TMAE bubbler itself have hardware limits. If one of these is exceeded, or in case of a power failure, the TMAE bubbler is switched o by a system of pneumatic valves, causing the ethane to bypass the bubbler.
The pressure control and the safety system for the radiator are described in 1]. Two hydrogen ashlamps are mounted below the mirror wall, providing almost uniform irradiation of the chambers. They are used to optimize HT settings and discriminator thresholds. Furthermore, they allow to check for possible losses of drifting electrons. Fig. 10 shows a typical ashlamp timing spectrum for one chamber. Correcting for the e ects of chamber depth and relative positions of ashlamps and chambers, one concludes that no drift losses are visible, i.e. the attenuation is < 5% over a length of 30 cm.
Results

Resolution and e ciency
The spatial accuracy of the chambers is taken from plots of the distance between observed signals and predicted ring centres. Fig. 11a shows such a plot for tracks with momenta between 50 and 55 GeV=c, taken from a 1991 sample of standard interaction triggers. The curves show from the left to the right the contributions from p, K and . The pion peak has a width of = 2:8 mm. This number contains a contribution from the dispersion in the nitrogen radiator, which is calculated to be = 1:7 mm. The ring centre prediction has errors of = 0:5 mm horizontally and = 2 mm vertically. This leaves an intrinsic chamber resolution of < 2 mm.
To achieve this resolution, a lot of calibration and ne-tuning is necessary for chamber positions, mirror orientations, drift velocity, refractive index etc. For the ongoing datataking period, only preliminary calibration constants are available, yielding plots like the one shown in g. 11b.
The same plots serve to determine the number of observed photoelectrons for a full ring, n obs . In the 1991 data-taking periods, n obs = 14 was achieved, corresponding to an e ective N 0 = 49=cm, calculated directly from the relation n obs = N 0 L 2 , where L = 5 m and = 24 mrad in nitrogen. These numbers are for interaction triggers, i.e. multiparticle events under normal experimental conditions. Before the 1993 data-taking, the counting modules were cleaned to remove deposits on the wires which were observed after the 1990{1992 data-taking. A few modules were replaced by a new model with improved ushing of the spaces around the counting wires. Details on these operations and the ageing e ects observed are given in the talk by K. Martens. Let me just point out that while the ageing had led to a deterioration of signal pulse-heights, no deterioration of e ciencies has been found in the 1991 data.
In the ongoing period, up to 17 photoelectrons per beam-particle have been observed, as described above. Reliable data on N 0 for all chambers are not yet available.
Particle identi cation
A maximum likelihood method using the combined information on signal statistics and individual signal positions is used for particle identi cation, as described in the talk by U. M uller. With a sample of clean protons from reconstructed -decays a proton e ciency of 90% and a pion rejection by a factor of 10 or more were found at 150 GeV=c. The same numbers are expected for =K separation at 80 GeV=c.
As an example of the use of particle identi cation in the WA89 data analysis, g. 12
shows a sample of D ! K decays, taken from the 1991 data. While without use of the RICH the signal is drowned in background, a clear peak is observed if the kaon is identi ed with the RICH.
Conclusions
The Omega-RICH is now 8 years old. It has contributed already to physics results of two experiments, WA69 and WA82. After an extensive upgrade, it is playing an essential part in the ongoing data analysis of the hyperon beam experiment WA89. The RICH is now a reliable instrument. It still needs a lot of careful maintenance work between data-taking periods, but it has a very good record of availability during datataking. During the WA89 run in 1991 and the WA94 runs in 1991/1992, its downtime was less than 5%. At the time of writing, a two-months run of WA89 has ended with no RICH downtime at all.
With an overall resolution of = 2:8 mm and up to 14 photoelectrons per ring achieved in 1991, good =K separation is provided for momenta up to 100 GeV=c.
Figure captions
